Insulin induces epidermal growth factor (EGF) receptor clustering and potentiates EGF-stimulated DNA synthesis in swiss 3T3 cells: a mechanism for costimulation in mitogenic synergy.
In many cellular systems, activation with more than one ligand can produce a cellular response that is greater than the sum of the individual responses to the ligands. This synergy is sometimes referred to as coactivation. In Swiss 3T3 fibroblasts, activation of the epidermal growth factor (EGF) receptor produces a weak induction of DNA synthesis. Insulin has no stimulatory effect on this response. However, in combination, EGF and insulin synergize to cause a large induction of S phase. The underlying cellular biochemistry of this effect has been examined. The data indicate that phospholipase C activation is a major component of agonist-induced DNA synthesis. In contrast, activation of p70 S6 kinase by single agonists was inversely related to their ability to stimulate DNA synthesis. Therefore, it was examined whether stimulation of Swiss 3T3 cells with insulin causes changes in the subcellular distribution of EGF receptors and phospholipase Cgamma1 that could potentially explain the observed synergy or costimulation. It was found that insulin effectively induced the accumulation of EGF receptors on the actin arc of cells without activation of the EGF receptor. In contrast, EGF, when added for several hours, did not cause accumulation of the EGF receptor at this site. However, both EGF and insulin stimulated the accumulation of phospholipase Cgamma1 at the actin arc, which was coincident with the EGF receptor in the case of insulin- stimulated cells. Therefore, it is suggested that the insulin-induced coclustering of the EGF receptor with phospholipase Cgamma1 at the actin arc may allow for greater efficiency of signal transduction, resulting in the synergy observed for these two hormones in stimulation of DNA synthesis.